Human astroviruses (HAstV) 
Human astroviruses (HAstVs) are members of the Astroviridae family which are recognized as one of the most common cause of viral gastroenteritis in infants and young children (Glass et al. 1996) .
HAstV derive their name from a morphologically characteristic five-or-six point star shape they display when visualized by electron microscopy (EM) (Appleton & Higgins 1975 , Madeley 1995 . The HAstV virion is composed of a single non-enveloped capsid layer of 27 to 34 nm in diameter (Matsui & Greenberg 2001) . The genome consists of a single-stranded (ss), positive sense, polyadenylated RNA with 6.8-7.8 kilobases in length. Three open reading frames (ORFs) have been identified: ORF1a and ORF1b, which encode viral protease and polymerase, respectively; and ORF2, which encodes the capsid protein precursor (Willcocks et al. 1994 , Jiang et al. 1993 .
HAstVs are classified into eight genotypes based on the nucleotide sequence of a 348-bp region of ORF2 that have shown a good correlation with the eight established serotypes (Appleton & Higgins 1975 , Noel et al. 1995 , Matsui & Greenberg 2001 that type 1 is the most prevalent, followed by types 2, 3, 4, and 5 (Lee & Kurtz 1994 , Glass et al. 1996 , Mustafa et al. 2000 , Sakamoto et al. 2000 .
Usually HAstVs infect young children, however, outbreaks of diarrhea involving elderly people, military recruits and immunocompromised patients have been reported (Grohmann 1993 , Glass et al. 1996 , Belliot et al. 1997 . The main symptom of infection caused by HAstV is watery diarrhea, which is often associated with vomiting, fever, anorexia, and abdominal pain (Matsui & Greenberg 2001) .
Reports on HAstV infection have already been described in different cities of Brazil, showing that HAstV prevalence rates range between 2.8 and 33%. These studies focused on surveillance for gastroenteritis in hospitals and day-care centers, as well as on self-limited outbreaks (Leite et al. 1991 , Timenetsky et al. 1993 , Tanaka et al. 1994 , Silva et al. 2001 , Cardoso et al. 2002 .
The main purpose of this report is to provide epidemiological and clinical data on the occurrence of HAstV infection among diarrheic and non-diarrheic children aged up to two years, living in São Luís, Maranhão, Northeast region of Brazil. We have also analyzed the partial nucleotide sequences of ORF2 region to determine the prevalence of HAstV genotypes.
MATERIALS AND METHODS
Study subjects -From June 1997 to July 1999 a hospital-based surveillance was conducted at the Infantile Maternal University Hospital from Federal University of Maranhão (HUMI/UFMA), including children under two years of age, both sexes, who lived under poor sanitation conditions in the central area of São Luís, Maranhão, a city located in the Northeast region of Brazil.
Stool specimens -At enrollment an informed consent was obtained from either parents or guardians of participating children, and a complete standardized questionnaire designed to gathering main clinical and epidemiological data was completed by a pediatrician. Diarrheic children (symptomatic) were defined as those subjects who developed diarrhea, defined as the passage of ≥ 3 looser than normal stools in a 24 h period, lasted no longer than 14 days, and coursed with dehydration. A group of children who attended an outpatient pediatric clinic of HUMI/UFMA, without diarrhea, were enrolled as controls (asymptomatic). Of 245 fecal specimens obtained during the surveillance study, 183 samples had a sufficient quantity to be tested for HAstV 84 from children with diarrhea and 99 from those without diarrhea. These samples were stored at -20ºC until they were sent to the Instituto Evandro Chagas, Belém, Pará, where they were processed.
Enzyme immunoassay (EIA) -All 183 samples were screened for the presence of HAstV antigen by a commercial HAstV EIA kit (IDEIA TM , DakoCytomation, Ely, UK). These samples were also tested for the presence of rotavirus (RV) and adenovirus (AdV) by commercially available EIAs (Premier-Rotaclone TM and Adenoclone TM , Meridian Bioscience Inc., US).
Electron microscopy (EM) -Briefly, a 10% fecal suspension was made in water and clarified by low-speed centrifugation (1500 × g for 15 min). The supernatants were collected and centrifuged at 14,000 × g for 40 min. The resulting pellets were resuspended in 50 µl of water and 10 µl were placed on a carbon-formvar-coated copper grid. Staining was done with potassium phosphotungstic acid pH 7.0. Samples were examined under a Zeiss EM 900 transmission electron microscope.
RNA extraction and amplification assays -Viral ssRNA was extracted from 200 µl of a 10% fecal suspension using silica/guanidine thiocyanate, as described by Boom et al. (1990) , including modifications introduced by Cardoso et al. (2002) .
RT-PCR for HAstV was carried out in 44 samples using primers (Mon 269 and Mon 270) directed towards the ORF2 region, and the amplification conditions were those as described by Noel et al. (1995) , except for the RT reaction where a random initiator [hexamer pd (N) 6 -50 A 260 units -Amersham Biosciences] was utilized to obtain the cDNA product. RT-PCR products were resolved on a 1% agarose gel, followed of ethidium bromide staining and photo-documentation was done in a Gel Doc 1000 (BioRad). Samples showing a specific amplicon of 449 bp were considered as positive.
Water was used as a negative control in all procedures and recommended manipulations for PCR techniques were strictly followed as a precaution to avoid false-positive results. A HAstV-1 strain, kindly donated by Dr Roger Glass, CDC, Atlanta, was used as a positive control.
Sequencing of RT-PCR astrovirus amplicons -
The amplicons were purified with Concert TM Rapid PCR Purification System (Invitrogen), in accordance with the manufacturer's instructions. The nucleotide sequence was determined by direct cycle sequencing using the Big Dye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems) and the primers Mon 269 and Mon 270. The purification of the amplicon was done by isopropanol/ ethanol (75/70%) precipitation. The products were analyzed on an automatic ABI Prism 3100 DNA Sequencer (Applied Biosystems). Sequence data from both strands were aligned and edited using the BioEdit Sequence Alignment Editor (v. 6.0) program and compared with eight prototype sequences: HAstV1 (L23513), HAstV2 (L13745), HAstV3 (L38505), HAstV4 (L38506), HAstV5 (U15136), HAstV6 (L38507), and HAstV7 (L38508), Oxford reference strains and HAstV-8 (Z66541), United Kingdom reference, obtained from GenBank at the National Center for Biotechnology Information, US (www.ncbi.nlm.nih.gov), using the BLAST program. The dendrogram was constructed by neighbor-joining method using the Mega (v. 3.0) software, supported by bootstrap using 1000 replicates.
Nucleotide sequence accession numbers -The nucleotide sequences determined in this study have been deposited in the GenBank database and assigned the accession numbers from DQ071648 to DQ071656.
RESULTS
From a total of 183 samples analyzed by the EIA, 9/84 (11%) from diarrheic children and 3/99 (3%) from nondiarrheic children were positive for HAstV (p = 0.072). RT-PCR was carried out in 46 specimens (12 which reacted HAstV-positive by EIA and 34 showing an optical density value of at least twice that of the negative control). Taking both methodologies together (EIA and RT-PCR), 14 (8%) out of the 183 samples [9/84 (11%) from diarrheic and 5/99 (5%) from non-diarrheic] were positive for HAstVs (Table I) . Four samples were positive by EIA only, after being tested at least twice. In addition, two of them were confirmed as positive by EM, where particles with typical morphology of HAstV were visualized. Mixed infection was observed in five diarrheic HAstVpositive children: three of whom were also excreting RV, one was enteric AdV-positive, and a third patient was found to be also positive for both RV and non-enteric AdV. A mixed infection involving HAstV and RV was also identified in a non-diarrheic child (data not shown).
Nucleotide sequence data were obtained from nine out of ten RT-PCR-positive samples. All HAstV-1 strains were gathered in the period of March-July 1999. A phylogenetic tree from analysis of a 348 bp region of the capsid is shown in Fig. 1 . It can be seen that all HAstV-1 strains were clustered into one major lineage containing a number of minor branches. Four HAstV strains were clustered with HAstV-2, 3, 4, and 5 strains. All major branches demonstrated a 100% bootstrap confidence level. According to the segregation of the nucleotide and deduced amino acid sequences, the five HAstV genotypes demonstrated divergences that ranged from 22.1 to 28.8% and from 3.1 to 10%, respectively (data not shown).
Variation in the nucleotide sequence, but not in the amino acid sequence, was more evident between the São Luís isolates and the prototype strains used in the phylogenetic analysis (Fig. 1) . In general, limited nucleotide variation was observed in the São Luís genotype 1 isolates, which displayed a maximum of 0.9% nucleotide sequence diversity. The variation between these samples and the prototype HAstV-1 reached a maximum of 2.4%. All the nucleotide sequence changes within the São Luís HAstV-1 strains were silent with respect to amino acid coding, except for one specimen (MA167) (data not shown). This sample contained a Lys → Arg change at amino acid 56 of the capsid protein (0.9% of diversity). São Luís HAstV-2, 3, 4, and 5 strains displayed a variation in their nucleotide sequence, in comparison with their prototypes, of 2.3, 2.4, 6.3, and 4.4%, respectively. In considering the amino acid sequence, the variations found among the four types, in comparison with their corresponding prototypes were 0.0, 0.9, 0.9, and 1.7%, respectively.
Seasonal pattern of occurrence was not observed over the two years of survey, with positive cases being detected in the months of September-December 1997, October 1998, and March-June 1999 ( Fig. 2A) . In the non-diarrheic children HAstV was found in October 1997, May and November 1998, and June and July 1999, with one positive sample per month (Fig. 2B) .
The age distribution of HAstV infection is shown in Table II . The peak detection rate was observed in 18% of the symptomatic children aged 0 to 6 months old, and 18 to 24 months old (25%) for the non-diarrheic patients. The main symptoms observed in the nine HAstV-positive diarrheic patients were fever and vomiting (89%) ( Table  III) .
DISCUSSION
This study describes the prevalence and genotype distribution of HAstV infections in sporadic cases of in- 2004). With regards to the prevalence of HAstV infection in Brazil, studies conducted in a public hospital in Goiânia, Goiás (Cardoso et al. 2002) , São Paulo (Timenetsky et al. 1993) , and Rio de Janeiro (Leite et al. 1991) yielded prevalence rates of 3-5%, which were lower than those reported for São Luís. The prevalence of HAstV infection among non-diarrheic children (5%) was similar to those previously reported in various countries such as Mexico (3%), Bangladesh (2%), South Africa (2%), Guatemala (2%), and Thailand (2%) (Herrmann et al. 1991 , Cruz et al. 1992 , Steele et al. 1998 , Unicomb et al. 1998 , Méndez-Toss et al. 2004 .
Of note, co-infection involving HAstV and RV were detected in 36% of our samples, a rate which is greater than that of 17% observed in Barcelona, Spain, and Providence, US (Dennehy et al. 2001 , Guix et al. 2002 . The high rate of mixed infection was probably due to the poor sanitation conditions which prevail in the environments where these children are living. Dual infection involving HAstV and RV was also reported recently among Mexican children, suggesting this as being a relatively common finding (Méndez-Toss et al. 2004 ). In the Mexican study, HAstV was found at similar frequencies in both RV-positive and RV-negative diarrheic children, suggesting that no synergy occurs among infections caused by these two viruses (Méndez-Toss et al. 2004) .
In this study, HAstVs were detected in 14 fecal specimens, four (28.6%) of which positive by EIA only, two (14.3%) by RT-PCR only, and eight (57.1%) reacting positive by both techniques. The differences in detection rates between these two techniques may be explained by the fact that EIA indicates the presence of both soluble and particle-associated HAstV antigen, while RT-PCR assays detect nucleic acid in intact virus particles. A few hypotheses should be considered in explaining such divergent results: (a) a possible false positive result; (b) nucleotide sequence differences in the primer hybridization region; and (c) the presence of inhibitors in the RT-PCR. This was previously observed by Maldonado et al. (1998) and Silva et al. (2001) . It is worth mentioning that the four samples positive by EIA only were also examined by EM and virus particles with morphology typical of HAstV could be visualized in two of them. It seems likely that the presence fantile gastroenteritis in São Luís, Maranhão, Brazil, from September 1997 to July 1999. The HAstV prevalence rate found among the diarrheic children (11%) was similar to that observed in Madrid, Spain (Dalton et al. 2002) , but lower than that for Chilean children (16%) (Gaggero et al. 1998) . Our data showed rates higher than those reported previously (4-5%) for other countries; for instance, Melbourne, Central Australia, Barcelona, Mexico, and Bangladesh (Polombo et al. 1996 , Unicomb et al. 1998 , Guix et al. 2002 , Schnagl et al. 2002 of defective viral particles at concentrations lower than that of EM sensitivity may have accounted for the negative results from examining two other samples (Silva et al. 2001) . As reported elsewhere (Polombo et al. 1996 , Gaggero et al. 1998 , Mustafa et al. 2000 , Silva et al. 2001 , Cardoso et al. 2002 , Dalton et al. 2002 , Guix et al. 2002 , Espul et al. 2004 ), HAstV-1 was found to be the most prevalent genotype, with rates ranging from 38 to 100%.
It is worth mentioning that other HAstV genotypes (2, 3, 4, and 5) were circulating concurrently with the predominant genotype 1. The genotypic complexity of cocirculating strains differs from the findings of Noel et al. (1995) who demonstrated a clustering of strains with the same sequence circulating in various settings worldwide.
Genetic diversity was evident when we compared nucleotide and amino acid sequences of samples isolated in São Luís to the prototype strains from the United Kingdom. The detection of five different types co-circulating during a two-year period suggests that the genotype distribution of HAstV in São Luís varies throughout the time. This may have implications for the future development of possible HAstV vaccines.
The seasonal pattern of HAstV infection was well documented in studies carried out in both temperate and tropical regions of the world, where this virus was found to prevail either throughout the winter months or during the rainy season (Matsui & Greenberg 2001 ). In our study, which was conducted in a tropical region, we observed that most of the HAstV infections clustered in two periods: September to December 1997 and March to July 1999. The first period corresponds to a relatively dry season, with a temperature variation in the range of 27.5 to 28ºC; and the second period, a typical rainy season, with a heavy rainfall (200 to 600 nm) and a temperature of around 27ºC. It is noteworthy that all HAstV-1 strains were found during March-July 1999.
In this study, the highest infection rate (18%) among diarrheic children was observed in the 0 to 6 months age group. These results agree with those of Giordano et al. (2004) in Cordoba, Argentina, who reported a 24% HAstVpositivity in children 4 to 6 months old. Conversely, our results differ from those obtained in a 3-year study conducted in Barcelona, Spain (Guix et al. 2002) , where the peak incidence was observed in older children, aged between 2 and 4 years, yielding a 9% positivity rate. In the non-diarrheic group HAstV was detected more frequently in older children, aged 18 to 24 months (25%). It should be pointed out, however, that such a peak incidence may have occurred by chance, owing to the low numbers in each group.
In our study, the percentages of vomiting (88.9%), fever (88.9%), and moderate dehydration (56%) were higher than those reported in a study in Madrid, Spain (65, 39, and 24%, respectively) conducted at an emergency room (Dalton et al. 2002) .
Further surveillance studies to fully assess the epidemiological importance of HAstV among diarrheic and nondiarrheic children in São Luís are worth to be done, including a larger sample size. Since a RV vaccine is expected to become available soon, the search for other potential enteropathogens such as HAstVs and noroviruses will gain increasing epidemiological importance.
